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(54) GAS ANALYZER

(57) A gas analyzer configured to measure a con-
centration of a measurement target component con-
tained in a gas sample includes: a light source unit for
emitting light including an absorption wavelength of the
measurement target component; a cell for encapsulating
the gas sample; a light-receiving element for obtaining a
radiation spectrum of the light that has passed through
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the cell; a signal processing circuit for processing a re-
ceived-light signal of the light-receiving element, and
measuring a concentration of the measurement target
component; and an adjustment unit which is arranged
between a light path from the light source unit to the
light-receiving element, and for adjusting a characteristic
ofthe radiation spectrum of the lightforevery wavelength.
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Description
BACKGROUND
1. TECHNICAL FIELD

[0001] The presentinventionrelates to a gas analyzer.

2. RELATED ART

[0002] Conventionally, a gas analyzer that utilizes
spectrum analyzation has been known (for example, Pat-
ent Document 1).

[0003] Patent Document 1: Japanese Patent Applica-
tion Publication No. 2001-188043

SUMMARY

[0004] It is preferable for a gas analyzer to be able to
precisely measure a gas concentration.

[0005] In order to achieve the above, a first aspect of
the present invention provides a gas analyzer. The gas
analyzer may measure a concentration of a measure-
ment target component contained in a gas sample. The
gas analyzer may include a light source unit. The light
source unit may emit light including an absorption wave-
length of the measurement target component. The gas
analyzer may include a cell. The cell may encapsulate
the gas sample. The gas analyzer may include a light-
receiving element. The light-receiving element may ob-
tain a radiation spectrum of light that has passed through
the cell. The gas analyzer may include a signal process-
ing circuit. The signal processing circuit may process a
received-light signal of the light-receiving element. The
signal processing circuit may measure a concentration
of the measurement target component. The signal
processing circuit may include an adjustment unit. The
adjustment unit may be arranged on a light path from the
light source unit to the light-receiving element. The ad-
justment unit may adjust a characteristic of a radiation
spectrum of light for every wavelength.

[0006] A reflecting mirror may be disposed inside the
cell. The reflecting mirror may be arranged such that light
introduced into the cell is reflected for multiple times in-
side the cell. The adjustment unit may be the reflecting
mirror.

[0007] Light emitted by the light source unit may have
a maximum intensity in a radiation spectrum in a certain
wavelength. The light-receiving element may obtain an
intensity of light in a plurality of wavelengths. A reflect-
ance of the reflecting mirror in a certain wavelength may
be lower than an average reflectance taken in a wave-
length range from a minimum wavelength to a maximum
wavelength among a plurality of wavelengths at the light-
receiving element.

[0008] A plurality of reflecting mirrors may be disposed
inside the cell. In areflection area of atleast one reflecting
mirror, a reflectance in at least two wavelengths may be
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lower than the average reflectance.

[0009] At least one reflecting mirror may be arranged
outside the cell.

[0010] The light-receiving element may receive a radi-
ation spectrum of light that has passed through the cell.
The light-receiving element may output a received-light
signal. The signal processing circuit may measure a con-
centration of the measurement target component based
on one or more received-light signals output by the light-
receiving element depending on light that enters into the
light-receiving element in a predefined measurement pe-
riod. The measurement period may include two or more
flashes of the light source unit.

[0011] The light-receiving element may be exposed to
light for multiple times in the measurement period. The
signal processing circuit may integrate intensities of light
in a plurality of received-light signals in the measurement
period.

[0012] The signal processing circuit may integrate in-
tensities of light in the plurality of received-light signals
for every wavelength.

[0013] The signal processing circuit may change the
integration of received-light signals in a maximum wave-
length in the radiation spectrum of the light.

[0014] The signal processing circuit may average in-
tegration signals obtained by integrating the plurality of
received-light signals, and measure a concentration of
the measurement target component.

[0015] The light exposure period for the light-receiving
element may be changed based on the intensity of the
radiation spectrum of the light.

[0016] The light-receiving element may be exposed to
light for once in the measurement period. The light ex-
posure period for the light-receiving element may include
two or more flashes of the light source unit.

[0017] The light source unit may be a flash lamp.
[0018] The summary clause does not necessarily de-
scribe all necessary features of the embodiments of the
present invention. The present invention may also be a
subcombination of the features described above.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

Fig. 1 illustrates one example of a gas analyzer 100
according to an embodiment.

Fig. 2illustrates one example of a radiation spectrum
of light 6 emitted by a light source unit 2.

Fig. 3 illustrates a relationship between an intensity
ofthe light 6 in a predefined wavelength and a meas-
urement error.

Fig. 4 illustrates one example of a reflection charac-
teristic of a reflecting mirror 12.
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Fig. 5illustrates one example of a radiation spectrum
of light 6 emitted by a cell 10.

Fig. 6 illustrates another example of the reflection
characteristic of the reflecting mirror 12.

Fig. 7 illustrates another example of a reflection area
50 of the reflecting mirror 12.

Fig. 8 illustrates an example of structure of a gas
analyzer 200 according to another embodiment.

Fig. 9 illustrates an example of structure of a gas
analyzer 300 according to yet another embodiment.

Fig. 10 illustrates one example of a lamp operation
cycle, a flash cycle, and a light exposure period.

Fig. 11 illustrates one example of a lamp operation
cycle, a flash cycle, and a light exposure period ac-
cording to a comparative example.

Fig. 12 illustrates a differential absorbance of every
wavelength when a number of integrations is
changed.

Fig. 13 illustrates comparison of intensities of radia-
tion spectra of the light 6 between an example illus-
trated in Fig. 10 and the comparative example illus-
trated in Fig. 11.

Fig. 14 illustrates another example of the lamp op-
eration cycle, the flash cycle, and the light exposure
period.

Fig. 15 illustrates an example of structure of a gas
analyzer 400 according to another embodiment.

Fig. 16 illustrates a relationship between a number
of irradiations of the light source unit 2 in a meas-
urement period and a measurement error.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0020] Hereinafter, the present invention will be de-
scribed through embodiments of the invention, but the
following embodiments do not limit the invention accord-
ing to the claims. In addition, not all combinations of fea-
tures described in the embodiments are essential to the
solution of the invention.

[0021] Fig. 1 illustrates one example of a gas analyzer
100 according to an embodiment. The gas analyzer 100
includes a light source unit 2, a collimator lens 4, a cell
10, a reflecting mirror 12, a light-receiving element 18, a
signal processing circuit 20, and a communication line
22. The gas analyzer 100 is configured to measure a
concentration of a measurement target component con-
tained in a gas sample 30. In the present example, the
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gas analyzer 100 measures the concentration of the
measurement target component by means of differential
optical absorption spectroscopy (DOAS) with which a
variation in the light source unit 2 can be removed. By
using the differential optical absorption spectroscopy, the
concentration of the measurement target component can
be measured only with a small-scale fluctuating compo-
nent in an absorption spectrum, which can provide a sta-
ble measurement.

[0022] The gas sample 30 is a gas containing the
measurementtarget component. Inthe presentexample,
the gas sample 30 is an exhaust gas that flows in a flue.
The measurement target component is a measurement
target of the gas analyzer 100, e.g., SO5. The measure-
ment target component may also be SO,, SO,, NO,,
NO3, NO, NH3, or NO,,.

[0023] The light source unit 2 emits light 6. In the
present example, the light source unit 2 emits light 6 in-
cluding an absorption wavelength of the measurement
target component. By way of example, the light source
unit 2 is a flash lamp that can control flash-time to be
extremely short. The light source unit 2 may be a xenon
flash lamp. By using the xenon flash lamp as the light
source unit 2, the light 6 can be stably emitted. It is pref-
erable for the light source unit 2 of the present example
to flash at a regular flash cycle.

[0024] The collimator lens 4 collects light 6 emitted
from the light source unit 2. The light 6 collected by the
collimator lens 4 is then irradiated to a cell window 8 of
the cell 10.

[0025] The cell 10 is for encapsulating the gas sample
30. The cell 10 has the cell window 8, a gas sample inlet
port 24, and a gas sample outlet port 26. The cell window
8is disposed facing the collimatorlens 4, and is irradiated
with the light 6. The light 6 is introduced into the cell 10
through the cell window 8. The gas sample inlet port 24
introduces the gas sample 30 to the cell 10. The gas
sample outlet port 26 discharges the gas sample 30 from
the cell 10. The gas sample inlet port 24 and the gas
sample outlet port 26 are connected to the flue, for ex-
ample. When analyzing a concentration of the measure-
ment target component contained in the gas sample 30,
the gas sample 30 may be introduced into the cell 10
through the gas sample inlet port 24. After the analyzing,
the gas sample 30 may be discharged from the cell 10
through the gas sample outlet port 26. The cell 10 may
have a pump for introducing or discharging the gas sam-
ple 30. The cell 10 may have a filter for removing dust in
the gas sample 30, and for introducing this gas sample
30 into the cell 10.

[0026] The reflecting mirror 12 is disposed inside the
cell 10. A plurality of reflecting mirrors 12 may be dis-
posed inside the cell 10. In the present example, a re-
flecting mirror 12-1, a reflecting mirror 12-2, and areflect-
ing mirror 12-3 are disposed inside the cell 10. In Fig. 1,
the reflecting mirror 12-1 is disposed on a side having
the gas sample inlet port 24, and the reflecting mirrors
12-2 and 12-3 are disposed on a side having the gas
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sample outlet port 26. Although the reflecting mirrors 12-2
and 12-3 are separately illustrated in Fig. 1, the reflecting
mirrors 12-2 and 12-3 may also form an integrated mirror.
The cell 10 may be in a form of a white cell. The side
having the gas sample inlet port 24 refers to an area
inside the cell 10 which is on a side closer to the gas
sample inlet port 24 relative to a center of the cell 10, and
the side having the gas sample outlet port 26 refers to
an area inside the cell 10 which is on a side closer to the
gas sample outlet port 26 relative to the center of the cell
10.

[0027] The reflecting mirror 12 is arranged such that
the light 6 introduced in the cell 10 is reflected for multiple
times inside the cell 10. More specifically, the reflecting
mirror 12 is arranged such that the light 6 is reflected at
least once in each of the area on the side having the gas
sample inlet port 24 and the area on the side having the
gas sample outlet port 26. The reflecting mirror 12 is ar-
ranged such that the light 6 is reflected for m times (mis
an integer being one or more) in the area on the side
having the gas sample inlet port 24, and reflected for
m+once in the area on the side having the gas sample
outlet port 26. In this case, the light 6 is emitted outside
the cell 10 from the cell window 8. In the example of Fig.
1, the reflecting mirror 12 is arranged such that the light
6 is reflected for three times. A number of reflections is
not limited to three. By means of adjusting the reflecting
mirror 12, the light 6 may be reflected for three times or
more. The number of reflections may also be 15 times.
By means of increasing the number of reflections, a
length of a light path of the light 6 can be longer, so that
a concentration can be precisely measured even with a
small amount of the measurement target component.
The reflecting mirror 12 may also function as an adjust-
ment unit 40 described below. The reflecting mirror 12
has a reflection area 50. The reflection area of the re-
flecting mirror 12 is where the reflecting mirror 12 reflects
the light 6.

[0028] The light-receiving element 18 is for obtaining
aradiation spectrum of the light 6 that has passed through
the cell 10. The light-receiving element 18 is for obtaining
an intensity of the radiation spectrum of the light 6 for
every wavelength. The light-receiving element 18 may
have afilter. In the present example, the filter of the light-
receiving element 18 spectrally disperses light having a
wavelength in a range of from 200 nm to 400 nm only.
The filter may disperse the light 6 into a plurality of wave-
length bands. In this case, the light-receiving element 18
can obtain an intensity of the light 6 for every wavelength.
The light-receiving element 18 may obtain an intensity
of the light 6 in a plurality of wavelengths. By way of ex-
ample, the light-receiving element 18 is a CMOS (Com-
plementary Metal Oxide Semiconductor)line sensor. The
radiation spectrum of the light 6 obtained by the light-
receiving element 18 is sent as a received-light signal to
the signal processing circuit 20.

[0029] The signal processing circuit 20 is for process-
ing the received-light signal of the light-receiving element
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18. The signal processing circuit 20 is for measuring the
concentration of the measurement target component of
the gas sample 30 based on the received-light signal of
the light-receiving element 18. The signal processing cir-
cuit 20 may measure the concentration of the measure-
ment target component by obtaining a change in the in-
tensity of the light 6 in an absorption wavelength of the
measurement target component. The signal processing
circuit 20 is connected to the light-receiving element 18
through the communication line 22. Although the signal
processing circuit 20 and the light-receiving element 18
are connected with a wire in the example of Fig. 1, they
may be wirelessly connected instead.

[0030] Fig. 2 illustrates one example of the radiation
spectrum of the light 6 emitted by the light source unit 2.
In Fig. 2, a wavelength is represented along a horizontal
axis, and an intensity of the light 6 is represented along
a vertical axis.

[0031] In Fig. 2, when the wavelength is 230 nm, the
intensity of the light 6 is 0.20 or more (see the area R1).
When the wavelength is 330 nm, the intensity of the light
6 is 0.05 or less (see the area R2). The intensity in the
area R1 is four times as high as the intensity in the area
R2, or more. Therefore, there is a difference in intensities
in a range of light received by the light-receiving element
18 (in a range where the wavelength is from 200 nm to
400 nm).

[0032] Fig. 3 illustrates a relationship between an in-
tensity of the light 6 in a predefined wavelength and a
measurementerror. ltis indicated that the smaller a value
in a vertical axis in Fig. 3 is, the fewer the measurement
errors are. In Fig. 3, as the intensity of the light 6 becomes
higher, the measurement error is reduced more. In other
words, as the intensity of the light 6 becomes higher,
measurement precision improves more. One cause of
the measurement error may be considered as a thermal
noise in the light-receiving element 18, a stray light that
enters into the light-receiving element 18, or the like. The
higher the intensity of the light 6 is, the higher a signal-
to-noise ratio can be.

[0033] A dynamicrange of the CMOS line sensor used
for the light-receiving element 18 is generally about 100
dB, which is, when applied to the intensity of the light 6
represented along a horizontal axis in Fig. 3, 65535 is
the maximum value. As illustrated in Fig. 2, there is about
a four times difference in intensities in the range of the
light received by the light-receiving element 18 (in the
range where the wavelength is from 200 nm to 400 nm).
When an upper limit value, e.g. 65535, of the dynamic
range of the light-receiving element 18 is applied to the
intensity in the area R1, a measurementvalue of the light-
receiving element 18 which corresponds to a radiation
intensity in the area R2 is 16383.75 (65535+4) or less.
That s, if there is a difference in intensities of the light 6
in the plurality of wavelengths, the dynamic range of the
light-receiving element 18 becomes small in some wave-
length among the plurality of wavelengths, and measure-
ment precision in this wavelength will be degraded. Be-
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cause of that, when measuring intensities of the light 6
in the plurality of wavelengths, it is preferable to reduce
the difference in the intensities of the light 6 as much as
possible between each measurement wavelength.
[0034] In the present example, the gas analyzer 100
includes the adjustment unit 40. The adjustment unit 40
is for adjusting a characteristic of the radiation spectrum
of the light 6 for every wavelength. The adjustment unit
40 adjusts the radiation spectrum of the light 6 that has
beenradiated from the light source unit2. The adjustment
unit 40 is arranged on a light path from the light source
unit 2 to the light-receiving element 18. In the present
example, the adjustment unit 40 is the reflecting mirror
12. By adjusting the reflection characteristic at the re-
flecting mirror 12 for every wavelength, the radiation
spectrum of the light 6 transmitting in the cell 10 can be
adjusted. Since the gas analyzer 100 includes the ad-
justment unit 40 for adjusting the characteristic of the
radiation spectrum of the light 6 for every wavelength, a
difference in intensities of radiation spectra of the light 6
canbe reduced, and thereby measurement precision can
be improved.

[0035] Fig. 4 illustrates one example of the reflection
characteristic of the reflecting mirror 12. Fig. 4 illustrates
a reflectance of the reflecting mirror 12 for every wave-
length. In the present example, the reflecting mirrors
12-1, 12-2, and 12-3 have the reflection characteristic
illustrated in Fig. 4. All reflection areas 50 of the reflecting
mirror 12-1, all reflection areas 50 of the reflecting mirror
12-2, and all reflection areas 50 of the reflecting mirror
12-3 may have the reflection characteristic illustrated in
Fig. 4.

[0036] As illustrated in Fig. 4, a certain wavelength A1
has a reflectance lower than an average reflectance in a
predefined wavelength range at the reflecting mirror 12.
For example, the predefined wavelength range may be,
among the plurality of wavelengths measured at the light-
receiving element 18, a range from a minimum wave-
length to a maximum wavelength. The predefined wave-
length range may also be a wavelength range where the
light-receiving element 18 has sensibility. The predefined
wavelength range may also be a wavelength range
where the light 6 emitted by the light source unit 2 has
an intensity. In the example of Fig. 4, the average reflect-
ance is an average of reflectances within a range of from
200 nm to 400 nm. In the example of Fig. 4, the average
reflectanceis avalue closeto 0.9. The certain wavelength
A1 has a reflectance lower than the average reflectance.
By way of example, the certain wavelength A1 is a wave-
length having a maximum intensity in the radiation spec-
trum of the light 6 emitted by the light source unit 2. The
reflectance in a range of this wavelength may be a local
minimum value in the certain wavelength A1. In addition,
the reflectance inthe certain wavelength 11 may be lower
than a median value between the average value and the
local minimum value in the range of this wavelength. By
way of example, the certain wavelength 1.1 is 230 nm. In
the certain wavelength A1 having the maximum intensity
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of the radiation spectrum of the light 6 emitted by the light
source unit2, an intensity of light reflected at the reflecting
mirror 12 can be reduced, thereby a difference in inten-
sities of the radiation spectra of the light 6 received by
the light-receiving element 18 can be reduced.

[0037] An emitted light intensity in the wavelength A in
the light 6 emitted from the cell 10 is referred to as I,
a number of times to be reflected at the reflecting mirror
12 inside the cell 10 is referred to as n times, an incident
light intensity in the wavelength A in the light 6 that enters
into the cell 10 is referred to as |,;,, and a reflectance of
the wavelength A is referred to as R, . The reflectance R,
is lower than one. The emitted light intensity |, ,; is rep-
resented in the following equation 1. As represented in
the following equation 1, the emitted light intensity I,
can be reduced by increasing n.

[EQUATION 1] Liow = Lin X R}

[0038] The reflection characteristic of the reflecting
mirror 12 can be adjusted by depositing a dielectric multi-
layer on the reflecting mirror 12. By means of adjusting
a film thickness, material, layer structure and the like of
the dielectric multi-layer and thereby improving a reflect-
ance other than the reflectance of the certain wavelength
A1, the reflectance of the certain wavelength A1 can be-
come relatively low. The dielectric multi-layer may be par-
tially disposed in the reflection area of the reflecting mirror
12.

[0039] Fig. 5 illustrates one example of the radiation
spectrum of the light 6 emitted by the cell 10. In Fig. 5, a
wavelength is represented along a horizontal axis, and
an intensity of the light 6 is represented along a vertical
axis. As illustrated in Fig. 5, the intensity of the light 6 is
weakened in the vicinity of a wavelength of 230 nm. Since
the adjustment unit 40 is disposed inside the cell 10, a
difference in intensities of the radiation spectra of the
light 6 can be reduced, and thereby measurement pre-
cision can be improved.

[0040] Fig. 6 illustrates another example of the reflec-
tion characteristic of the reflecting mirror 12. The reflec-
tion characteristic may be a reflectance being lower than
an average reflectance in a plurality of certain wave-
lengths. The reflection characteristic in Fig. 6 is a reflect-
ance being lower than the average reflectance in not only
the certain wavelength A1 butalsoin a certain wavelength
A2. By way of example, the certain wavelength A2 is 370
nm. An intensity can be reduced also in the certain wave-
length 2.2, and intensity can be reduced in a different
certain wavelength. The reflectance in the certain wave-
length A1 and the reflectance in the certain wavelength
A2 may be the same, or may be different. Between two
certain wavelengths, a reflectance of one certain wave-
length having a higher intensity in the radiation spectrum
of the light 6 emitted by the light source unit 2 may be
lower than a reflectance of the other certain wavelength.
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[0041] Fig. 7 illustrates another example of the reflec-
tion area 50 of the reflecting mirror 12. In Fig. 7, a reflect-
ing mirror 12-1 has a reflection area 50-1, a reflection
area 50-2, and a reflection area 50-3. The reflecting mir-
ror 12-2 has a reflection area 50-4. The reflecting mirror
12-3 has a reflection area 50-5. In the example of Fig. 7,
the light 6 reflects in the order of a light 6-1, a light 6-2,
a light 6-3, a light 6-4, a light 6-5, a light 6-6, a light 6-7,
and a light 6-8. In Fig. 7, a number of reflections is seven.
[0042] Inthereflection area 50 of at least one reflecting
mirror 12, reflectances in at least two wavelengths may
be lower than the average reflectance. In the example of
Fig. 7, at least one reflection area 50 of the reflecting
mirror 12-1, i.e., at least one of the reflection areas 50-1,
50-2, or 50-3, may have the reflection characteristic il-
lustrated in Fig. 6. In that case, the rest of the reflection
areas 50 of the reflecting mirror 12-1, the reflection area
50-4 of the reflecting mirror 12-2, and the reflection area
50-5 of the reflecting mirror 12-3 may have the reflection
characteristic illustrated in Fig. 4. Alternatively, the re-
flection area 50-4 of the reflecting mirror 12-2 may have
the reflection characteristic illustrated in Fig. 6, and all of
the reflection areas 50 of the reflecting mirror 12-1 and
the reflection area 50-5 of the reflecting mirror 12-3 may
have the reflection characteristic illustrated in Fig. 4. Or
the reflection area 50-5 of the reflecting mirror 12-3 may
have the reflection characteristic illustrated in Fig. 6, and
all of the reflection areas 50 of the reflecting mirror 12-1
and the reflection area 50-4 of the reflecting mirror 12-2
may have the reflection characteristic illustrated in Fig.
4. Since at least one reflection area 50 has the reflection
characteristic illustrated in Fig. 6, a number of times to
be reflected with the reflection characteristic illustrated
in Fig. 6 becomes less than the number of times to be
reflected with the reflection characteristic illustrated in
Fig. 4. Therefore, the certain wavelength 1.2 is weakened
for the number of times less than the certain wavelength
A1, and thereby an intensity of the radiation spectrum of
the light 6 for every wavelength can be adjusted. All of
the reflection areas 50 of the reflecting mirror 12-1, the
reflection area 50-2 of the reflecting mirror 12-2, and the
reflection area 50-3 of the reflecting mirror 12-3 may have
the reflection characteristic illustrated in Fig. 6.

[0043] Fig. 8 illustrates an example of structure of a
gas analyzer 200 according to another embodiment. The
gas analyzer 200 of the present embodiment is different
fromthe gas analyzer 100in Fig. 1 inthatthe gas analyzer
200 includes a reflecting mirror 14 as the adjustment unit
40 outside the cell 10. Otherwise, configuration of the
gas analyzer 200 may be the same as that of the gas
analyzer 100.

[0044] Atleastone reflecting mirror 14 is arranged out-
side the cell 10, so that an intensity of a radiation spec-
trum of the light 6 can be reduced after being emitted
from the cell 10. Thereby, without changing inner config-
uration of the cell 10, the intensity of the radiation spec-
trum of the light 6 can be easily adjusted. In this case,
the reflecting mirrors 12-1, 12-2, and 12-3 may or may
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not function as the adjustment unit 40.

[0045] Fig. 9 illustrates an example of structure of a
gas analyzer 300 according to yet another embodiment.
The gas analyzer 300 includes a light source unit 2, a
collimator lens 4, a cell 10, a reflecting mirror 12, a light-
receiving element 118, a signal processing circuit 120,
and a communication line 22. The gas analyzer 100 is
configured to measure a concentration of ameasurement
target component contained in a gas sample 30. Config-
uration of the light source unit 2, the collimator lens 4,
the cell 10, and the reflecting mirror 12 may be the same
as that of the gas analyzer 100 in Fig. 1. Note that, the
reflecting mirror 12 may be or may not be the adjustment
unit 40. In the present example, the reflecting mirror 12
is not the adjustment unit 40.

[0046] The light-receiving element 118 obtains a radi-
ation spectrum of a light 6 that has passed through the
cell 10. The light-receiving element 118 obtains an inten-
sity of the radiation spectrum of the light 6 for every wave-
length. The light-receiving element 118 may have afilter.
In the present example, the filter of the light-receiving
element 118 spectrally disperses light having a wave-
length in a range of from 200 nm to 400 nm only. By way
of example, the light-receiving element 118 is a CMOS
(Complementary Metal Oxide Semiconductor) line sen-
sor. The radiation spectrum of the light 6 obtained by the
light-receiving element 118 is output as a received-light
signal to the signal processing circuit 120. The light-re-
ceiving element 118 is for outputting the received-light
signal depending on the light 6 that enters into the light-
receiving element 118 in a predefined measurement pe-
riod. The measurement period is a period in which the
light-receiving element 118 obtains the radiation spec-
trum of the light 6. The light-receiving element 118 is
exposed to light for at least once during the measurement
period. In the light exposure, the light 6 is irradiated onto
the light-receiving element 118 during a predefined light
exposure period, and the light-receiving element 118
generates, depending on an integrated intensity of the
light received in this period, a received-light signal. The
light exposure may be performed multiple times during
the measurement period. In other words, the light-receiv-
ing element 118 may generate a plurality of received-
light signals during the measurement period. The light
exposure on the light-receiving element 118 may be per-
formed by controlling an electronic shutter of the light-
receiving element 118. The light exposure on the light-
receiving element 118 may be performed by controlling
a mechanical shutter of the light-receiving element 118.
[0047] The signal processing circuit 120 processes the
received-light signal of the light-receiving element 118.
The signal processing circuit 120 measures the concen-
tration of the measurement target component in the gas
sample 30 based on one or a plurality of received-light
signals output by the light-receiving element 118 during
the measurement period. The signal processing circuit
120 may measure the concentration of the measurement
target component by obtaining a change in an intensity
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in an absorption wavelength of the measurement target
component. The signal processing circuit 120 is connect-
ed to the light-receiving element 118 through the com-
munication line 22.

[0048] In the present example, the measurement pe-
riod is a period including two or more flashes of the light
source unit 2. By means of making the measurement
period include two or more flashes of the light source unit
2, intensities of a plurality of lights 6 emitted by the light
source unit 2 can be integrated. For example, with a light
source having a short emission period, such as a flash
lamp, flash-intensities are likely to vary in every flash. In
addition, a shape of a radiation spectrum of light may
change in every flash. According to the present example,
a measurement error caused by characteristic variations
of every flash of the light source unit 2 can be reduced.
[0049] Fig. 10 illustrates one example of a lamp oper-
ation cycle, a flash cycle, and a light exposure period. In
Fig. 10, the lamp operation cycle and the flash cycle are
shown as T1, the light exposure period is shown as T2,
and the measurement period is shown as T3. In the
present example, the light exposure period T2 is three
times or more of the light exposure cycle T1, and the
measurement period T3 is six times or more of the light
exposure cycle T1.

[0050] In the example of Fig. 10, the light-receiving el-
ement 118 is exposed to light for once in one measure-
ment period T3. Also, the light exposure period T2 for
the light-receiving element 118 is twice or more the light
exposure cycle T1. In the example of Fig. 10, although
there is one light exposure in the measurement period
T3, the light exposure period T2 for the light-receiving
element 118 is twice or more of the light exposure cycle
T1. Therefore, a plurality of lights can be integrated and
thereby an S/N ratio can be improved.

[0051] Fig. 11 illustrates one example of a lamp oper-
ation cycle, a flash cycle, and a light exposure period
according to a comparative example. In Fig. 11, the lamp
operation cycle and the flash cycle are shown as T4, the
light exposure period is shown as T5, and the measure-
ment period is shown as T6. The flash cycle T4 and the
measurement period T6 are six times more of the light
exposure cycle T1, and the light exposure period T5 is
three times or more of the light exposure cycle T1. The
light exposure period T2 and the light exposure period
T5 are equal, and the measurement period T3 and the
measurement period T6 are equal.

[0052] Fig. 12 illustrates a differential absorbance of
every wavelength when a number of integrations is
changed. In Fig. 12, the number of integrations changes
in the order of from (a) to (c). As illustrated in Fig. 12,
when the number of integrations increases, measure-
ment errors are reduced. With a light source having a
short emission period, such as a flash lamp, flash-inten-
sities are likely to vary in every flash. By means of in-
creasing the number of integrations, characteristic vari-
ations of every flash of the light source unit 2 can be
averaged. Therefore, measurement errors can be re-
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duced in the example illustrated in Fig. 10 more than the
comparative example illustrated in Fig. 11.

[0053] Fig. 13 illustrates comparison of intensities of
radiation spectra of the light 6 between the example il-
lustrated in Fig. 10 and the comparative example illus-
trated in Fig. 11. Asillustrated in Fig. 13, since the plurality
of lights is integrated in the example illustrated in Fig. 10,
the intensity can be higher in the example illustrated in
Fig. 10 than the comparative example illustrated in Fig.
11. In addition, by means of averaging, measurement
errors can be reduced in the example illustrated in Fig.
10 more than the comparative example illustrated in Fig.
11.

[0054] Fig. 14 illustrates another example of a lamp
operation cycle, aflash cycle, and alight exposure period.
In Fig. 14, the lamp operation cycle and the flash cycle
are shown as T7, the light exposure period is shown as
T8, and the measurement period is shown as T9. The
flash cycle T7 is equal to the light exposure cycle T1, the
light exposure period T8 is twice or more of the light ex-
posure cycle T1, and the measurement period T9 is six
times or more of the light exposure cycle T1. The meas-
urement period T9 is equal to the measurement period
T3.

[0055] The light-receiving element 118 may be ex-
posed to light for multiple times in the measurement pe-
riod T9. In Fig. 14, the light-receiving element 118 is ex-
posed to light for twice in the measurement period T9.
The signal processing circuit 120 may integrate intensi-
ties of the light 6 in a plurality of received-light signals in
the measurement period T9. In Fig. 14, the signal
processing circuit 120 is for integrating the intensities in
two received-light signals. With configuration in which
the light-receiving element 118 is exposed to light for
multiple times in the measurement period T9, the S/N
ratio can be improved also.

[0056] The signal processing circuit 120 may integrate
intensities of the light 6 in the plurality of received-light
signals for every wavelength. The light-receiving element
118 or the signal processing circuit 120 may control the
measurement period, or the light exposure period for eve-
ry wavelength. For example, the light-receiving element
118 may cause a light exposure time to be shorter for a
wavelength having a higher intensity of the light 6. Sim-
ilarly, the signal processing circuit 120 may cause a
measurement period to be shorter for a wavelength hav-
ing a higher intensity of the light 6. By means of changing
an integration method in every wavelength, a difference
in intensities of the radiation spectra of the light 6 can be
reduced. Further, a signal intensity in a received-light sig-
nal can be prevented from being saturated.

[0057] The signal processing circuit 120 may also av-
erage integration signals obtained by integrating the plu-
rality of received-light signals, and measure a concen-
tration of the measurement target component. For exam-
ple, after separately integrating wavelengths near the ar-
ea R1 of Fig. 2 and wavelengths in an area other than
near the area R1 of Fig. 2, an average is obtained from
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the number of the integrations. By means of averaging,
wavelengths having a number of integrations different
from each other can also be compared, and thereby con-
centration can be measured precisely.

[0058] The light exposure period for the light-receiving
element 118 may be changed based on the intensity of
the radiation spectrum of the light 6. The light exposure
period for the light-receiving element 118 may be
changed by the light-receiving element 118, or the signal
processing circuit 120. For example, when making an
intensity higher, a number of light exposures in the meas-
urement period may be increased. By way of example,
as illustrated in Fig. 14, the number of light exposures
can be two.

[0059] In the example of Fig. 14, a number of flashes
of the light source unit 2 in one light exposure period T8
may also be one. In this case also, the number of flashes
of the light source unit 2 in one measurement period T9
is more than one. Therefore, measurement precision can
be improved.

[0060] Fig. 15 illustrates an example of structure of a
gas analyzer 400 according to another embodiment. The
gas analyzer 400 is different from the gas analyzer 300
illustrated in Fig. 9 in that the gas analyzer 400 includes
a communication line 122. Otherwise, configuration of
the gas analyzer 400 may be the same as that of the gas
analyzer 300.

[0061] InFig. 15, the signal processing circuit 120 con-
trols the number of irradiations of the light source unit 2
through the communication line 122. The number of ir-
radiations of the light source unit 2 refers to the number
of times of the light 6 to be irradiated during one meas-
urement period. That is, controlling the number of irradi-
ations of the light source unit 2 refers to controlling a flash
cycle of the light source unit 2.

[0062] The gas analyzer 400 measures a received-
light intensity P of a certain wavelength at the time of
when a gas concentration of the gas sample 30 is 0 ppm,
and a received-light intensity P of this wavelength at the
time of when the gas sample 30 is introduced into the
cell 10, and then calculates an absorbance A shown in
the following equation 2. As shown in the equation 2, if
the received-light intensity P is low, the absorbance A
is greatly changed when the received-light intensity P
fluctuates. In other words, if the received-light intensity
P fluctuates due to a variation in flashes of the light source
unit 2 when the received-light intensity P is low, a meas-
urement result for the absorbance A is greatly changed.
Therefore, it is preferable for the received-light intensity
P, to be as high as possible. On the other hand, the
received-light intensity Py may be gradually reduced due
to atemporal change of a characteristic of the light source
unit 2, the light-receiving element 18, cell window 8, and
the like. It is preferable to make the received-light inten-
sity Pg high by virtue of the signal processing circuit 120
adjusting the number of irradiations of the light source
unit 2 through the communication line 122. The signal
processing circuit 120 may increase the number of irra-
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diations of the light source unit 2 when a measured re-
ceived-light intensity P, becomes less than a predefined
threshold value.

= ~fg
[EQUATION 2] A 08(P/Po)

[0063] Fig. 16 illustrates a relationship between a
number of irradiations of the light source unit2in a meas-
urement period and a measurement error. The measure-
ment error represents a magnitude of variation in meas-
urement results in each measurement period when a sin-
gle gas sample 30 is measured in a plurality of measure-
ment periods. As illustrated in Fig. 16, the more the
number of irradiations is increased, the more measure-
ment errors are reduced, and measurement precision
can be improved.

[0064] While the embodiments of the presentinvention
have been described, the technical scope of the present
invention is not limited to the above described embodi-
ments. It is apparent to persons skilled in the art that
various alterations and improvements can be added to
the above described embodiments. It is also apparent
from the scope of the claims that the embodiments added
with such alterations or improvements can be included
in the technical scope of the present invention.

EXPLANATION OF REFERENCES
[0065]

2: light source unit;
4: collimator lens;

6: light;
8: cell window;
10: cell;

12: reflecting mirror;

14: reflecting mirror;

18: light-receiving element;
20: signal processing circuit;
22: communication line;

24: gas sample inlet port;
26: gas sample outlet port;
30: gas sample;

40: adjustment unit;

50: reflection area;

100: gas analyzer;

118: light-receiving element;
120: signal processing circuit;
122: communication line;
200: gas analyzer;

300: gas analyzer;

400: gas analyzer
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Claims

A gas analyzer configured to measure a concentra-
tion of a measurement target component contained
in a gas sample, comprising:

a light source unit for emitting light including an
absorption wavelength of the measurement tar-
get component;

a cell for encapsulating the gas sample;

a light-receiving element for obtaining a radia-
tion spectrum of the light that has passed
through the cell;

a signal processing circuit for processing a re-
ceived-light signal of the light-receiving element,
and measuring a concentration of the measure-
ment target component; and

an adjustment unit which is arranged on a light
path from the light source unit to the light-receiv-
ing element, and for adjusting a characteristic
of the radiation spectrum of the light for every
wavelength.

2. The gas analyzer according to claim 1, wherein

a reflecting mirror is arranged and disposed in-
side the cell such that the light introduced in the
cellis reflected for multiple times inside the cell,
and

the adjustment unit is the reflecting mirror.

3. The gas analyzer according to claim 2, wherein

the light emitted by the light source unit has a
maximum intensity in a radiation spectrum in a
certain wavelength,

the light-receiving element is for obtaining an
intensity of the lightin a plurality of wavelengths,
and

areflectance of the reflecting mirror in the certain
wavelength is lower than an average reflectance
taken in a wavelength range from a minimum
wavelength to a maximum wavelength among
the plurality of wavelengths at the light-receiving
element.

4. The gas analyzer according to claim 3, wherein

a plurality of reflecting mirrors, each being iden-
tical to the reflecting mirror, is disposed inside
the cell, and

at least one of the reflecting mirrors has a re-
flection area in which reflectances of at least two
wavelengths are lower than the average reflect-
ance.

The gas analyzer according to any one of claims 2
to 4, wherein at least one of the reflecting mirrors is
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7.

10.

1.

arranged outside the cell.

A gas analyzer configured to measure a concentra-
tion of a measurement target component contained
in a gas sample, comprising:

a light source unit for emitting light including an
absorption wavelength of the measurement tar-
get component;

a cell for encapsulating the gas sample;

a light-receiving element for receiving a radia-
tion spectrum of the light that has passed
through the cell, and for outputting a received-
light signal; and

a signal processing circuit for measuring a con-
centration of the measurement target compo-
nent based on one or more received-light sig-
nals, each being identical to the received-light
signal, output by the light-receiving element de-
pending on the light that enters into the light-
receiving elementin a predefined measurement
period, wherein

the measurement period is a period including
two or more flashes of the light source unit.

The gas analyzer according to claim 6, wherein

the light-receiving element is exposed to light
for multiple times in the measurement period,
and

the signal processing circuit is for integrating in-
tensities of the light in a plurality of received-light
signals, each being identical to the received-
light signal, in the measurement period.

The gas analyzer according to claim 7, wherein the
signal processing circuit is for integrating intensities
of the light in the plurality of received-light signals for
every wavelength.

The gas analyzer according to claim 7 or 8, wherein
the signal processing circuit is for averaging integra-
tion signals obtained by integrating the plurality of
received-light signals, and for measuring a concen-
tration of the measurement target component.

The gas analyzer according to claim 6, wherein a
light exposure period for the light-receiving element
is changed based on an intensity of the radiation
spectrum of the light.

The gas analyzer according to claim 6, wherein

the light-receiving element is exposed to light
for once in the measurement period, and

a light exposure period for the light-receiving el-
ement is a period including two or more flashes
of the light source unit.
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The gas analyzer according to any one of claims 6
to 11, further comprising:

an adjustment unit which is arranged between a light
path from the light source unit to the light-receiving
element, and configured to adjust a characteristic of
a radiation spectrum of the light for every wave-
length.

The gas analyzer according to any one of claims 1
to 12, wherein the light source unit is a flash lamp.
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contained in a sample gas, the gas analyzer comprising:

a light source unit for emitting light that includes an absorption wavelength of the components to be measured;

a cell for encapsulating the sample gas;

a light receiving element for acquiring an emission spectrum of the light that has passed through the cell;

a signal processing circuit for processing a light reception signal of the light receiving element and measuring the
concentration of the components to be measured; and

an adjustment unit disposed on an optical path from the light source unit to the light reception element and
adjusting characteristics of the light for wavelengths of the emission spectrum.” Accordingly, claim 1 lacks novelty
in light of document 2, and thus does not have a special technical feature.

Claim 2 dependent on claim 1 has a special technical feature of a “gas analyzer for measuring a concentration of
components to be measured which are contained in a sample gas, the gas analyzer comprising:

a light source unit for emitting light that includes an absorption wavelength of the components to be measured;

a cell for encapsulating the sample gas;

a light receiving element for acquiring an emission spectrum of the light that has passed through the cell;

a signal processing circuit for processing a light reception signal of the light receiving element and measuring the
concentration of the components to be measured; and

an adjustment unit disposed on an optical path from the light source unit to the light reception element and
adjusting characteristics of the light for wavelengths of the emission spectrum,

wherein a reflection mirror is disposed inside the cell so that the light introduced in the cell is reflected several
times inside the cell, and

the adjustment unit is the reflection mirror.”

Also, claims 3-5 are dependent on claim 2 and have the same technical feature as claim 2.
Thus, the invention in claims 1-5 is classified as invention 1.

Claim 6 does not have a special technical feature identical or corresponding to that of claim 1 classified as invention
1.
Claim 6 has the special technical feature of a “gas analyzer for measuring a concentration of components to be
measured which are contained in a sample gas, the gas analyzer comprising:

a light source unit for emitting light that includes an absorption wavelength of the components to be measured;

a cell for encapsulating the sample gas;

a light receiving element for receiving an emission spectrum of the light that has passed through the cell and
outputting a light reception signal; and

a signal processing circuit for measuring the concentration of components to be measured, on the basis of the at
least one light reception signal which is outputted by the light reception element according to the light incident to the
light receiving element during a predetermined measurement period of time,

wherein the measurement period of time is a period of time including at least two times of light emission of the
light source unit.”
Accordingly, claim 6 and claims 7-13 dependent on claim 6 are classified as invention 2.
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